Real life problems that arise in different branches of science and social science, in the form of differential and integral equations are nonlinear in nature. However, methods developed in Mathematics, usually, are suitable for the linear system. In this article, we talk on approximating solution of system of Volterra integral equations of second kind in an analytic way using Adomian decomposition method in Mathematica.
I. Introduction
Most of the phenomena that arise in real world are described by non-linear differential, integral equations and integrodifferential equations. However, most of the methods developed in mathematics are usually used in solving linear differential and integral equations. The recently developed decomposition methods proposed by American Mathematician, George Adomian 1923 Adomian -1996 1 have been receiving much attention in recent years in applied and computational mathematics. The Adomian decomposition method has the advantage of converging to the exact solution and this method can be applied directly for all types of differential and integral equations, linear or non linear, homogeneous or inhomogeneous, with constant coefficients or with variable coefficients. These polynomials have been used to solve nonlinear system of Volterra integral equations of second kind 2 , System of ordinary differential equations 3 , System of integro-differential equations, Nonlinear Strum-liouville problems 6 , and two point boundary value problems in nonlinear mechanics 4 . The crucial aspect of the method is employment of the "Adomian polynomials" which allow for solutions convergence of the nonlinear portion of the equation, without simply linearizing the system. These polynomials mathematically generalize to a Maclaurin series about an arbitrary external parameter; which gives the solution method more flexibly than direct Taylor series expansion. There are some analytical-numerical methods 4 to compute adomian polynomials and employ them in solving system of Volterra integral equations which involves tedious cumbersome computations, so it would be convenient to have a Mathematica Program to generate approximate solution to system of Volterra integral equations of second kind by computing this type of polynomials.
II. Adomian Polynomial
Consider the functional equation
where is an unknown function, 0 is a known function and is assumed to be a nonlinear operator.
(2) is a series solution of (1) . From (1), we get
which may be written as
Differentiating (4) at = 0, we get +1 = . From (2), (3) and (4), we get � ( )� = ∑ ( 0 , … , )
which gives 0 = ( 0 ). 's called Adomian polynomials. An analytic construction of them is referred to work of Baiser 3 . So, an approximation to the solution of (1) may be given by the partial sum = ∑ =0 . 
III. Adomian Polynomial and Approximate Solution of System of Volterra Integral Equations
Consider the system of Volterra integral equations of second
where 's are unknown functions, 's known functions and 's in general non-linear operator.
Let 0 = and = ∑ ∞ =0
Decomposing in Adomian polynomial, as it is for in (1), (6) can be written as
On equating both sides = ∫ −1 0 , where is a parameter. Now may be written as
Differentiating (10) at = 0, we get
It is the identity by which Adomian himself computed his polynomial. From (11) it can be shown that
and = ( , , 10 , … , 1 , … , 0 , … , )
Equation (7), (9) and (11) define a recurrence relations of and . By the recurrence relations, we construct an approximate solution of system (6).
IV. A Simple Algorithm to Compute Adomian
Polynomial Suggested by Baiser 5 Define 0 = ( , , 10 , … , 0 ) then
We employed this algorithm in Mathematica to generate Adomian polynomials and approximate solution to system (6). 
This example indicates the exactness of the solution of Volterra Integral equation of second kind by Adomian decomposition method.
Theorem:If the series solution
of the system (6) converges, it converges to the exact solution.
Proof: From (7), we get
If partial sum on the left hand side of (15) converges to ( ) then the partial sum under the integral sign on the right hand side converges to ( , , 1 , … , ). A four term Adomian approximation has been computed in Mathematica from the following programs. 
